The rolling textures and microstructures developed in fine grained (2-5/m diam.) 70:30 brass are different to those found in coarser grained material. The {111} (uvw), fibre usually found at medium reductions is not developed but the normal {110}(112) texture still emerges at higher reductions. The microstructures are related to these changes. Although twinning is a deformation mode at low reductions the volume of twins is never large and the twin alignment characteristic of normal brass at ---70% reduction does not occur. The pattern of shear band development is changed and large areas of the microstructure are featureless at high reductions. Hardness values show an unexpected rise between 60 and 90% reduction and this is attributed to a Stage IV regime of strain hardening. After annealing at 300 and 900C the textures are typical of those found in coarser grained material.
INTRODUCTION
There has been much interest recently in fine grained materials because they possess an inherent high degree of formability and enhanced strength. Much of this work has been concerned with aluminium and its alloys and much of it has been aimed at producing superplastic behaviour (Sherby and Wadsworth, 1984 The nature of the deformation processes in these fine grained materials has been extensively studied in the high temperature, low strain rate regimes typical of superplasticity (Suery and Baudelet, 1982) but there is surprisingly little information about more normal conditions based on room temperature deformation at strain rates typical of industrial forming processes. Fine grained materials are usually prepared by thermomechanical treatments based on rapid heating of a two phase material to a high final recrystallization temperature (Wert, 1982) . In such cases the deformation and subsequent annealing processes are complicated by the second phase particles and any initial study would be simplified if single phased material could be used. It has been shown recently that satisfactory grain refinement can be achieved in 70"30 brass by rolling to 80% reduction and then heating rapidly to 900C for a very short time (<5 sec) (Malin and Yeung, 1988) . The deformation processes in normal 70" 30 brass have been studied intensively for many years by many methods and are well understood Fargette and Whitwham, 1976) . The most notable feature is the occurrence of mechanical twinning and this is reflected in the general microstructure, the nature of the inhomogeneities of deformation, the pattern of texture development and the subsequent annealing behaviour. The possibility of mechanical twinning in this material was first suggested by Vogel (1921) more than 50 years ago but its role in texture development was first appreciated by Wassermann (1963) who attributed the well known brass texture {110}(112) to a twinning process. In the intervening years many microstructural investigations (Hutchinson et al., 1979) have shown that twinning is, indeed, a feature of the deformation of a-brass and other low SFE materials and although the scale of the twinning and the pattern of texture development are not quite those predicted by Wassermann his proposal was a major intuitive achievement. This paper which describes the properties, microstructure, texture and annealing behaviour of a rolled fine grained 70:30 brass is dedicated to his memory.
EXPERIMENTAL
A 2 mm thick sheet of fine grained 70" 30 brass with grain diameter 2-5/m was produced as outlined above and cold rolled to 88% A fully automated texture goniometer was used to prepare four incomplete pole figures (IXmax'" 85) from each such specimen. Three dimensional orientation distribution functions (ODF) were then calculated using the series expansion method of Bunge (1969) with spherical harmonic functions. These were corrected for ghost errors, truncation errors and symmetry effects and the results expressed in the form of a component analysis in which single Gauss-type components were fitted to the experimental peaks (Lucke et al., 1981; Hirsch and Lucke, 1987 were evident at 80% reduction. Both positive and negative bands were present but the bands were much finer than those normally observed and less frequent than usual ( Figure 2 ).
Electron microscopy showed that twinning was a major deforma- Figure 7 and the corresponding corrected ODF's in Figure 8 . Selected details of the component analysis are given in Table 1 . The skeleton lines for the fl, a and r fibres are shown in Figure 9 . This very extensive texture data is summarized below. The notations used hereafter are those proposed by Hirsch and Lucke (1988) . The symbols used are those proposed by Hirsch and Lucke (1988) . weak texture with minor scattered orientation concentrations at {110} (011) Twinning was more prevalent at lower strains but twin sizes were not reported.
ROLLING OF FINE GRAINED BRASS
The featureless nature of most of the microstructure at lowmedium reductions is not understood. Such volumes occur sparsely in larger grained material where they are usually associated with the orientation {011}(100) . It might be expected that deformation of a fine grained material would result in an increased production of grain boundary inhomogeneities and so lead to structural confusion but in the 20% rolled specimens the grains were distinguished by a greater than usual uniformity and an apparent absence of both internal and grain boundary inhomogeneity. Despite this the major feature of the microstructure at reductions >40% is its featureless nature. The volume of twinned material decreases rather than increases and twin alignment does not occur. These effects are readily seen in the texture where the strong ), fibre of low SFE materials does not develop. Instead elements of the copper type rolling texture persist almost to 80% reduction. It must be concluded that twinning is not a major deformation mode in fine grained brass at medium strain levels (say 30-75% reduction) and that it is replaced by slip. Such a conclusion is incompatible with some aspects of current view of both microstructure and texture development. It is usually argued that shear bands develop because an aligned microstructure (deformation twins in low SFE materials) is incapable of further homogeneous deformation. In this work the first shear bands develop in a twin-free featureless microstructure. Except for their fineness and waviness they occur in the usual fashion and at the usual strain levels. Waviness in shear bands has been discussed only by Yeung and Duggan (1986) who pointed out that wavy bands required hardness differences in alternating laminar regions of the structure. The creation of the necessary regions would require cooperative behaviour of at least several grains in the present material and no evidence for such behaviour is apparent in the microstructure.
Despite these very marked differences the brass texture finally emerges in the fine grained material between 80 and 85% reduction and in so doing presents difficulties with respect to current theories of rolling texture development in low SFE materials. In general these attempts to relate texture development with microstructure.
In the relatively simple theory of Hutchinson et al. (1979) Cairns et al. (1971) or the 100/m brass of Figure 1 ). Stage 
